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Abstract 
Wood treatment and soil barrier are very important applications to protect structures and its component from termite 
infestation. The rising interest on the new environmentally safe termicide to replace Persistent Organic Pollutants 
(POPs) has increased attention toward plant species with reliable insecticidal activity. Bioactive compounds isolated 
from Neem (Azadirachta indica A. Juss) have been reported to have biological activities against insect such as food 
deterrent, oviposition and growth inhibitor, and also contact poison. The efficacy performance of Defatted Neem Oil 
(DNO) formulation has been thoroughly conducted on wood protection and soil barrier test against subterranean 
termite, Coptotermes gestroi. The formulation product consists of DNO as active ingredient and other inert 
ingredients which help to deliver the active ingredients on controlling the target pest, and enhance the utility of the 
product. The result of wood treatment and soil barrier test indicated that azadirachtin fraction (91% purity) has lower 
efficacy level compared to the DNO-formulation. The DNO-formulation showed efficacy level of wood protection 
and soil barrier can be achieved at 7,5% (v/v). 
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1. Introduction 
Subterranean termite control is very important to protect structures and its components. The control 
options are including wood treatments, soil barrier treatments, and population control using bait systems.  
The damage potential of subterranean termite, in United State alone, is estimated around US$5 billion 
annually [1]. Consequently the preconstruction treatment of sub slab soil using liquid termicide is very 
important step for the structure of building [2]. The application of insecticides for building protection is 
based on the development of barrier of treated soil to exclude termite by contact and draw the line 
between the termites natural environment and a structure; while wood treatments are planned to protect 
the wood directly.  
Currently, most of termicides are using chemicals identified as Persistent Organic Pollutants (POPs) 
such as aldrin, coldrane, dieldrin, endrin, heptachlor, and mirex. In order to find new safety control 
methods, United Nations Environmental Programme (UNEP) encourage countries to make transition 
toward non-POPs termite control [3]. This growing interest in new environmentally safe biopesticides has 
increased attention toward plant species and natural resources [4], which can provide effective 
insecticidal activities. However, the main challenges of nature-based insecticide are including difficult 
process and low availability of isolated active compounds; lack sustainable supply of raw materials; 
commercialization and scale-up viability issues.  
Neem (Azadirachta indica A. Juss) is one of promising plant species which can provide sufficient 
quantities of active compounds, and has been use for large-scale pest management [5] for relatively 
favourable production costs, yet the commercialization of neem for pest-control in North America and 
Europe has taken many years, and the costs have run into millions of US dollars [6]. The limonoid 
compounds of neem are known to have adverse effects on many insects, mites and nematodes with 
activities ranging from antifeeding activities, repellence effect, oviposition and growth inhibition, and 
also contact poison [7, 8]. These biological activities may suitable for termicidal application. Based on 
that backdrop, this study aimed to assess the efficacy performance of neem-based formulation on wood 
protection and soil barrier test against subterranean termite, Coptotermes gestroi. 
2. Material and Method 
2.1. Emulsifiable Concentrate Formulation of Defatted Neem Oil (DNO) and Azadirachtin Isolation from 
neem seed oil (NSO) 
Twenty mililiter neem seed oil was dissolved into methanol (1:3) followed by addition of distilled 
water with the same proportion. After the addition of 20 ml 5% NaCl solution, the aqueous methanol 
solution was first extracted with petroleum ether to obtain DNO. One hundred EC formulation was 
consist of DNO; combination of Geronol BC/5 and Rodacal 70 B/C; ethanol and xylene. Azadirachtin 
isolation from neem seed oil was conducted according to previous report [9]. 
2.2. Wood Treatment Test 
Rubber wood (Hevea braziliensis) was sprayed evenly with 100 EC DNO-Formulation at various 
concentrations (1%; 2.5%; 5%; 7.5% and 10%) until no longer dripping. Then, the treated timber aerated 
at room temperature for 15 days until dry. The test blocks were subjected to subterranean termites 
according to Japan Industrial Standard (JIS) K 1571 2004. Coptotermes gestroi used for the test were 
collected from a laboratory culture, which was established from a group collected in Cibinong, Bogor, 
Indonesia, in 2009.  
Prior to the bioassay, wood samples were conditioned in the oven at 60 0C for three days and weight of 
dried-oven wood samples was measured. Dried-oven wood samples were subjected to the termite attack 
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in laboratory scale. Each of untreated and treated test blocks were placed at the bottom of test container 
made of acrylic vessel with the bottom side is sealed using hard plaster Paris to form 5 mm thick. One 
hundred and fifty workers of termite were subjected to forced feeding test. Fifteen soldiers were 
introduced along into container, and then gathered in a large covered cased with moist cotton wool at the 
bottom to keep humidity. This container was kept at room temperature in dark condition. Observation was 
conducted every two days during 12 days test periods. Termite mortality rate and sample weight loss were 
recorded. 
 
 Sample weight loss = %100
1
21 x
ODS
ODSODS
  (1)                            
 
ODS 1 is oven-dried sample before test, while ODS 2 is oven-dried sample after test 
2.3. Soil Barrier Test 
One hundred EC DNO-formulation was mixed with distilled water on various concentrations (1%; 
2.5%; 5%; 7.5% and 10%) for soil barrier test. Each specimen (2.5 ml) was mixed with 7 g of 20 mesh 
sandy soil. Soil treatments were made 48 h before test to allow the solvent to evaporate. Untreated 
sandy soil was used as control for this experiment. designed according to 
JWPA Standard 13 (1992), were used to evaluate horizontal tunnelling by termites. Sandy soil was used 
supplementary to give easy access for termite toward test substances. One hundred and fifty workers and 
15 soldiers were placed in the one side of the bottle H glass container, while rubber wood (20 mm x 20 ml 
x 10 mm) was placed in the opposite one as bait. Bottle H units were kept at the dark place with 
controlled temperature 28 + 2 C and humidity above 85%. The test was held for 21 days and observation 
was conducted every day by recording penetration length/tunnel (mm) made by termite during the test. 
Termite survival rate after test are observed. The results of soil poisoning treatment against C. gestroi 
were generalized based on efficacy parameter displayed on table 1.  
Table 1 Efficacy Parameter of Soil Barrier Test 
Penetration length (mm)  
on 50 mm long barrier Score Efficacy Criteria 
0 
1  10 
11  20 
20  30 
> 30 
0 
1 
2 
3 
4 
Very High 
High 
Moderate 
Low 
Ineffective 
3. Results and Discussion 
The formulation product consists of two main components: active and inert ingredients. The active 
ingredient is DNO which has abilities to control the pest. Inert ingredients, consist of ethanol as solvent; 
and xylene as diluents, help to deliver the active ingredients on controlling the target pest, and enhance 
the utility of the product. The DNO is not perfectly soluble on the water even though has been treated by 
defatting process. The defatting process is important step for separating triglycerides, reducing typical 
strong-smell of neem oil and enriching bio-active compounds. Because water solubility is not feasible, 
thus it may become necessary to proceed formulation by combining DNO with appropriate inert materials 
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that do not detract its pesticidal properties. DNO formulation is aimed to increase the effectiveness in the 
field application and enhance handling quality. 
Emulsifiable concentrate (EC) is liquid formulations in which the active ingredient has been dissolved 
into inert ingredients so that the solution can be mixed with water or oil for spraying. When mixed with 
water, this formulation will create milky-appearance of emulsion, a mixture that occurs when one liquid is 
dispersed into another liquid substance. Emulsions made by agitation of pure immiscible liquids are 
usually very unstable and break within a short time. Therefore, the emulsifier is absolutely needed to 
stabilize the formulation. The DNO was dissolved into oil-based solvent to which emulsifying agents, 
Geronol BC/5 and Rodacal 70 B/C, 
between two immiscible phases. Furthermore, they initiate a steric or an electrostatic repulsion between 
the droplets, thus prevent coalescence [10]. Coalescence is the condition in which the separating film of 
the continuous phase between the droplets breaks and an irreversible fusion of emulsion droplets occurs, 
thus it tends toward complete breakdown.  
Table 2 Termite mortality of the efficacy test of azadirachtin extract (91%) and Defatted Neem Oil 
(DNO)-based formulation. 
Test 
Specimens 
Conc. 
(%,v/v) 
Daily Termite Mortality Percentage (Mean±Sdev) 
2 4 6 8 10 12 
Control 
(untreated wood) 0 0±0 2,33±0,58 3,33±1,15 6,00±1,00 6,33±0,58 7,00±1,00 
Azadirachtin 
fraction, 91% 
1 3,00±1,73 7,33±1,53 10,33±1,53 16,67±1,53 21,67±1,53 25,00±1,00 
2,5 2,33±1,53 7,00±2,00 14,67±1,53 22,33±2,08 24,33±0,58 28,67±1,53 
5 4,67±0,58 11,33±1,15 17,33±1,53 24,33±0,58 29,67±0,58 35,00±1,00 
7,5 5,67±1,53 13,00±1,00 23,67±0,58 30,00±1,73 39,67±2,08 44,00±1,00 
10 6,67±1,15 15,33±0,58 28,33±1,53 36,00±1,00 47,00±1,00 52,67±1,53 
DNO-
Formulation 
(100EC) 
1 5,67±0.58 15,33±0,58 31,00±1,00 47,67±0,58 55,00±1,00 67,67±0,58 
2,5 13,67±0,58 25,67±0,58 45,67±0,58 59,67±1,53 74,67±1,15 87,33±1,53 
5 17,67±0,58 33,67±0,58 51,67±0,58 76,33±1,53 91,00±1,00 98,33±1,53 
7,5 29,67±1,53 53,33±0,58 98,67±1,53 100±0 100±0 100±0 
10 39,67±1,53 63,67±0,58 99,33±1,15 100±0 100±0 100±0 
 
Emulsion stability testing is very important and an integral part of formulation development. This test 
was conducted using bottle test method in order to find the optimum ratio between active ingredient and 
emulsifiers. The formulation concentrates in various ratio of DNO and emulsifiers were dripped into hard 
water that created milky appearance emulsion. The optimum emulsion was reach at 1:1 volume ratio of 
DNO and emulsifiers on the 100 EC formulations (10% v/v active ingredient). The emulsion properties 
were thoroughly observed which resulted following details, pH 5; density 0,88 gr/ml at 250C; viscosity 
0,42 sec/ml; clear golden-brown colour; typical odour; non-corrosive substances; and non-conductive 
substance. 
Efficacy performance of DNO-formulation and Azadirachtin fraction was evaluated by force-feeding 
bioassay using subterranean termite, C. gestroi. Azadirachtin fraction (91%, purity) was isolated from 
neem seed oil (NSO). The optimum method of Azadirachtin isolation from NSO has been successfully 
developed on the previous work, and azadirachtin contain analysis was conducted using HPLC [9, 11]. 
Termite mortality observation showed DNO-Formulation has higher toxicity level than azadirachtin 
fraction (Table 2). The result of wood treatment test indicated that azadirachtin fraction (91% purity) has 
lower efficacy level compared to DNO-formulation. At its highest concentration, azadirachtin only 
managed 52,67% termite mortality in the end of test period, while DNO-formulation gave 100% termite 
mortality rate at 7,5% concentration on the 8th day of bioassay.  
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Efficacy performance is generalized based on sample weight loss and termite mortality rate in the end 
of bioassay observation. The bio-pesticide is considered as ineffective and unable to deliver reliable 
protection against termite, if wood samples possess more than 3% weight loss. Should the weight loss is 
less than 3% and termite mortality is 100% in the end of bioassay observation, the bio-pesticide is 
considered effective to provide protection against subterranean termite attack. The success of the test also 
depends on the control result, where the weight loss is more than 10% and termite mortality is less than 
15%. 
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Figure 1 Weight loss of wood treated by azadirachtin fraction (91% purity) and DNO-Formulation against 
subterranean termite, C. gestroi 
As shown on the Figure 1, sample weight loss results confirmed that DNO-formulation gave higher 
efficacy level than azadirachtin fraction. At the highest concentration, 10% azadirachtin gave 3.24% 
weight loss. All azadirachtin concentration showed the sample weight loss was higher than 3%, which 
indicated azadirachtin was unable to deliver reliable protection against C. gestroi. The DNO-formulation 
gave significant results, where only the lowest concentration failed to deliver weight loss percentage 
below 3%. 1% DNO-formulation gave 3.42% sample weight loss, while all the others concentrations gave 
reliable results. The higher the concentration of DNO-formulation, the lower sample weight loss. DNO-
formulation with minimum 7.5% concentration is able to deliver reliable protection against C. gestroi, 
since it gave 100% termite mortality and sample weight loss less than 3%. Untreated wood samples or 
Control specimens gave 7% termite mortality rate and 9.28% sample weight loss. 
Even though many studies reported the efficacy of azadirachtin toward various insects as growth 
inhibitor agent and also has been reported to have antifeeding activity against 413 species of insects [8, 
12], the result of wood treatment test indicated that azadirachtin, in pure fraction, has low activity against 
C. gestroi. Unlike other pest-insect control methods, the most important point of termite control is to 
protect the treated materials. This is why antifeedants could be vital to provide selective protection. 
Antifeedants with the absolute activity is more preferable than the relative one, as they would ensure 
more lasting protection [13]. The force-feeding bioassay against termite is the efficient method to identify 
the antifeedant activity. Termite should remain deterred and the sample weight loss would remain low in 
the end of bioassay. 
The bioassay data of wood protection suggested that DNO-formulation showed absolute antifeedant 
activities, while azadirachtin indicated relative activity. In fact, DNO is originally raw fraction which has 
obtained from the process of azadirachtin isolation. Phytochemical analysis indicated that limonoids 
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compounds such as azadirachtin, nimbin, and salannin, are the main component of DNO fraction [9]. It 
suggests that neem extract in raw fraction has antifeedants activity than azadirachtin. This assumption is 
supported by previous study on antifeedant examination of azadirachtin A (98% purity) against 
Reticulitermes speratus stated that azadirachtin exhibited a weak antifeeding potency and apparently no 
acute toxicity, in which termites feed on the tested materials and survived [13], while antifeeding 
examination on methanol extract of neem oil suggested high termicidal activities [14].  
Table 3. Soil barrier test against subterranean termite, C. gestroi 
Specimens Cons.  (%, v/v) 
Termite Penetration 
length, mm (SDev), 
on 50 mm long barrier 
Score Efficacy Criteria 
Termite Survival, 
% (SDev) 
Azadirachtin fraction 
(91%) 
1 50.00 (0.00) 4 Ineffective 81.33 (1.53) 
2.5 50.00 (0.00) 4 Ineffective 72.33 (0.58) 
5 38.00 (2.00) 4 Ineffective 66.33 (1.53) 
7.5 25.67 (1.53) 3 Low 55.33 (1.53) 
10 19.00 (2.00) 2 Moderate 49.67 (1.15) 
DNO Formulation 
(100 EC) 
1 31.33 (0.58) 4 Ineffective 62.00 (2.00) 
2.5 22.67 (2.08) 3 Low 39.33 (1.53) 
5 11.00 (2.00) 2 Moderate 32.00 (2.00) 
7.5 6.00  (1.00) 1 High 21.33 (1.53) 
10 3.33  (0.58) 1 High 15.67 (2.08) 
Control  0 50.00 (0.00) 4 Ineffective 88.00 (2.00) 
 
The result of the soil barrier bioassay of Azadirachtin fraction (91%) and DNO-formulation against C. 
gestroi indicated that azadirachtin fraction has lower efficacy level compared to DNO formulation (Table 
3). At its highest concentration (10%, v/v), azadirachtin only manage moderate efficacy level, since 
termite could penetrate 19 mm length. It indicated azadirachtin was unable to provide soil barrier 
protection from termite infestation at all concentrations tested. On the other hand, DNO formulation 
delivered high efficacy criteria on minimum 7.5% (v/v) concentration. The higher concentration of DNO-
formulation, the higher protection level from termite penetration is. These data indicated reliable efficacy 
performance of DNO-formulation. Bio-efficacy performance on termite survival rate indicated DNO-
formulation has higher toxicity level than azadirachtin. At the minimum concentration of high efficacy 
criteria (7.5%), DNO-formulation gave 21.33 % termite survival rate, and only 15.67% survival termite at 
the highest concentration tested. 
Bio-efficacy of azadirachtin on both wood treatment and soil barrier test emphasizes that azadirachtin 
has no acute toxicity against termite. These results could be attributed toward the unique characteristic of 
azadirachtin. It does not immediately kill the insect like most pesticides do. Instead, when an insect eats 
azadirachtin, it actively attacks the insect's reproductive cycle, its feeding pattern, its bodily development, 
as well as acting as a direct toxin [15]. These attributes are not suitable for termite control, since only 
workers forage for the food and they do not have reproductive ability. Furthermore, it also has been 
reported that azadirachtin has relative short residual effect of about five to seven days under tropical 
condition [13], rapid degradation character under sunlight and sensitivity toward acid and alkaline 
medium [15, 16]. This poor stability suggested azadirachtin is not suitable for long-term bioassay such as 
wood treatment and soil barrier, because those methods rely on contact poison and absolute antifeeding 
activities.  
Bio-efficacy assessment of DNO-formulation (100 EC) on both wood treatment and soil barrier test 
indicated reliable termicidal performance by providing absolute antifeedant activity and high acute 
toxicity. At least, eleven compounds of limonoids were identified from DNO fraction of neem oil, such as 
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nimbandiol, 17-hydroxyazadiradione, deacetylnimbin, 17-epiazadiradione, deacetylsalannin, azadiradione, 
nimbin, deacetylgedunin, gedunin, salannin and 14-epoxyazadiradione [9, 14]. Easy isolation of DNO 
fraction will give an advantage for commercialization purposes. Azadirachtin in pure fraction is not 
effective for termite control, while limonoids are too complicated to be synthesized. Their supply depends 
on natural availabilities and neem oil is probably the most affordable natural source. Many reviews also 
suggested that neem is safe to humans, warm-blooded animals, bird and beneficial insect, such as 
honeybees [14, 15]. More importantly, using nature-based termicide will gradually reduce our 
dependence on the toxic chemicals, and offer new perspective for new environmentally friendly termite 
control method.  
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